INTRODUCTION
============

Generally, the use of platelet-rich plasma (PRP) or adipose-derived stem cells (ASCs) in both basic research and preclinical studies is considered safer and more practical than other cell-based therapies, as they are autologous. During the past decade, many studies using PRP or ASCs have been conducted in various medical fields, from cardiovascular research to applications for corneal diseases. However, there are several limitations of practical applications of PRP and ASCs. In the case of PRP, little basic research and few preclinical studies have been conducted to assess their therapeutic potential, and although the majority of the studies that do exist have yielded excellent outcomes, most were limited case studies or series \[[@B1],[@B2]\]. The beneficial effects of ASCs have also been proven scientifically *in vitro* and *in vivo*. However, ASCs are difficult both to handle and to make commercially from an industrial point of view. Good manufacturing practices (GMPs) are required for the production of clinical-grade human stem cells, which involve considerable expense and time. Moreover, some have reported that ASCs could have a potential risk of transformation to malignant cells \[[@B3]-[@B9]\]. Therefore, we reviewed the efficacy and safety of PRP and ASCs, and then reported the current state and regulation of these stem cell-based therapies.

WHAT IS PRP?
============

PRP is a concentration of autologous human platelets in a small volume of plasma. PRP works via the degranulation of the α-granules in platelets \[[@B1],[@B2]\]. The α-granules contain the seven main growth factors, which include three isomers of platelet-derived growth factor (PDGF-αα, PDGF-αβ, and PDGF-ββ), two isomers of transforming growth factor-β (TGF-β1 and TGF-β2), vascular endothelial growth factor (VEGF), and epithelial growth factor (EGF) ([Table 1](#T1){ref-type="table"}) \[[@B1],[@B2]\]. The active secretion of these growth factors is initiated by the clotting process of blood, and begins within 10 minutes after clotting, with more than 95 percent of the presynthesized growth factors secreted within 1 hour \[[@B1]\]. Therefore, PRP must be developed in an anticoagulated state and be used on the application site within 10 minutes of clot initiation. After this initial burst, the platelets synthesize and secrete additional proteins for the balance of their lives (5 to 10 days) \[[@B1]\].

EFFICACY OF PRP
===============

The positive effects of PRP in favoring angiogenesis processes and proliferation of undifferentiated stem cells have been demonstrated experimentally. In relation to angiogenesis, Eppley et al. \[[@B2]\] reported that PRP stimulated endothelial cells near their application site, favoring proliferation and formation of new capillaries. Moreover, in an *in vitro* study, Hu et al. \[[@B10]\] concluded that PRP is a potential contributor in possibly starting the process of angiogenesis, recruiting the endothelial cells that line blood vessels, and beginning the initiation of bone regeneration. This is because they observed mRNA expression of VEGF and PDGF in rat bone marrow stromal cell differentiation inducted by using PRP. PRP is able to stimulate undifferentiated stem cell proliferation and cell differentiation for tissue regeneration \[[@B11],[@B12]\]. Undifferentiated stem cells migrate to the concentration of PRP growth factor, and the growth factors trigger proliferation of these cells once they are at the site \[[@B13]\]. Some have also implied that the value of PRP is mostly related to soft tissue healing enhancement because platelets do not contain bone morphogenic protein (BMP). Indeed, PRP does not contain any BMP and is not osteoinductive. However, all bone graft healing and osteoconduction into bony defects and around the numerous bone substitutes used today arise from adult mesenchymal stem cells and their lineage, leading to osteoblasts, all of which have already been proven to respond to PRP with accelerated bone formation \[[@B14],[@B15]\]. In fact, the first randomized trial of PRP versus non-PRP grafts focused specifically on and documented PRP\'s enhancement of bone formation \[[@B14]\].

Successful clinical applications have been reported using PRP, such as in difficult wounds, maxillofacial bone defects, and cosmetic surgery. Although these applications have reported significant effects, the majority of the reports are anecdotal and few include controls to definitively determine the role of PRP \[[@B1],[@B2]\]. Most are only limited case studies or series. There also have been publications that concluded that there was little or no benefit from PRP. These studies can often be traced to poor-quality PRP produced by inadequate devices \[[@B1],[@B2]\] because not all currently marketed PRP devices are equal, and there is little consensus regarding PRP production and characterization, which can impede the establishment of standards that are necessary to integrate the vast literature in basic and clinical science \[[@B1],[@B16]\]. First, there is no single recommendation for the degree of increase of platelets in PRP over baseline. Some investigators have suggested that PRP should achieve a 3- to 8-fold increase in platelet concentration over baseline \[[@B17],[@B18]\]. Since most individuals have a platelet count near the range of 250,000 per cubic milliliter, a PRP platelet count of about 1,000,000 per cubic milliliter may be the therapeutic level. Second, the centrifugation process must be sterile and precisely suited to platelet separation from red blood cells and their sequestration in high concentrations without lysing the platelets or damaging them so that they no longer can actively secrete their growth factors.

The tests for measuring platelet viability include pH, hypotonic stress, P-selectin, and platelet aggregation levels \[[@B19]\]. P-selectin is a protein contained in the inner face of the α-granule membrane. On platelet activation, the α-granule membrane fuses with the platelet membrane and P-selectin becomes expressed on the platelet surface, where it can be measured and the amount of platelet activation determined \[[@B20]\]. Better platelet quality is reflected by a lower P-selectin level. Thus, measurement of P-selectin provides valuable information regarding PRP preparation \[[@B17],[@B21]\].

The best way is to review the level of science each publication represents, assessing the quality of PRP used in each study and the controls used. Clinicians must read the literature and assess the results of studies relating to PRP as to whether devices cleared by the government are used for PRP processing, or whether platelet concentrations and growth factors are documented.

SAFETY OF PRP
=============

Because it is an autologous preparation, PRP is inherently safe and therefore free from concerns over transmittable diseases such as HIV, hepatitis, West Nile fever, and Cruetzfeldt-Jacob disease (CJD). In spite of this, the safety of PRP has been questioned recently. First, some have suggested based on empirical evidence that PRP may promote infections because blood agar is used in microbiology laboratories to culture bacteria \[[@B1]\]. However, PRP is no different in substrate than the blood clot that is formed in every wound, and therefore could not support bacterial growth any more than any other blood clot. In fact, PRP has a pH of 6.5 to 6.7 compared with a mature blood clot of 7.0 to 7.2. It has thus been counter-suggested that PRP actually inhibits bacterial growth \[[@B1]\]. Second, the most common method of platelet activation is to add calcium chloride and thrombin to the PRP \[[@B18],[@B21]\]. In the early to mid 1990s, there were a few reports of the development of antibovine antibodies (antibovine factor V) that cross-reacted with human clotting factors in response to the use of the bovine product to provide hemostasis \[[@B22]-[@B24]\]. However, there is little evidence that such cross-reaction occurs for this application. This may be because current processing methods remove much more bovine factor V contamination, the use of bovine thrombin in PRP is low dose (200 units), most of their applications are topical with no entry into systemic circulation, and it is already clotted when it comes into contact with human tissues \[[@B2]\]. Related to the issue of CJD, concerns have been advanced about the use of bovine thrombin. However, bovine thrombin has a completely negative history of CJD in more than 10 million uses in a wide variety of surgeries worldwide \[[@B1]\]. Because the transmission vector of CJD is a prion that to date has been found only in neural tissues of the central nervous system in cattle, sheep, cats, humans, etc. and because bovine thrombin is derived solely from blood and is also heat processed for purification, it remains in standard use today in many surgeries and is the safe initiator of clotting related to PRP. Finally, sterility may be difficult to maintain during processing \[[@B1],[@B18]\]. However, various companies are now marketing clinical autologous platelet concentrate machines that are compact table top centrifuges used at the point-of-care.

WHAT ARE ASCS?
==============

ASCs can be derived from human adipose tissue, which can be harvested by direct excision or more commonly from lipoaspirate. Adipose tissue is a more accessible, abundant, and reliable site for the isolation of adult stem cells than bone marrow. Adipose tissues contain 100,000 MSCs in each gram of fat \[[@B25]\]. After collagenase digestion and subsequent centrifugation of the harvested tissue, the cell pellet, known as the stromal vascular fraction (SVF) is obtained. According to the International Society for Cellular Therapy, SVF can be considered adipose-derived stromal cells, which are cells that do not meet the requirements for \'stermness\': long-term self-renewing cells that are capable of differentiation into specific, multiple cell types *in vivo* \[[@B11]\]. SVF contains a mixture of cells, which not only includes ASCs but also contains endothelial cells, smooth muscle cells, pericytes, fibroblasts, and circulating cell types such as leukocytes, hematopoietic stem cells, or endothelial progenitor cells. Due to the fact that SVF is a heterogeneous cell population, purification and subsequent expansion of ASCs from the SVF selects for a relatively homogeneous cell population, enriching for cells expressing a stromal immunophenotype, compared with the heterogeneity of unprocessed SVF.

EFFICACY OF ASCS
================

GMPs are needed for ASC processing because *in vitro* expansion is needed to obtain a large enough number of cells, and to maintain phenotypic and genotypic stability of MSCs during multiple passages. However, considerable expense and time is required, and *in vitro* expansion of ASCs requires approval of the Korea Food and Drug Administration (KFDA), a complicated and lengthy process. The cell-based therapy can be easily applicable to cosmetic surgery, which may have a low risk of systemic effects. Nonetheless, speed of preparation is of the essence for optimal surgical practice, especially cosmetic surgery, and thus it is a great weakness that table-top processing of cells in the operating room and reinjection is impossible.

SVF is acceptable as a coarse preparation because it is relatively quick to prepare and can provide ASCs for application sites, even though it is also likely to contain other cells. Hence, for some surgical applications, purity of ASCs may be sacrificed in favor of surgical convenience. However, most *in vitro* and *in vivo* studies draw results not from SVF, but culture-expanded ASCs, and thus the beneficial effect of SVF has not yet been proven scientifically.

SVF has been mainly used in plastic and reconstructive surgery, where it has most often been used to improve the results of fat grafting. Yoshimura\'s \[[@B26],[@B27]\] research was focused on a strategy known as cell-assisted lipotransfer, in which the SVF was isolated from half of the aspirated fat and recombined with the other half prior to reinjection. This was said to improve fat graft survival for breast augmentation or treatment of contour deformities. Other clinical trials of SVF in fat grafts included their use in the treatment of chest wall radiation necrosis \[[@B28]\]. Excellent clinical outcomes with injection of fat grafts into the chest wall have been mediated by SVF. However, the studies lacked any controls.

SAFETY OF ASCS
==============

To apply ASCs to stem cell therapy in the human clinic, we must determine the characteristics, stability, toxicity, and tumorigenicity of ASCs in animals and then transplant them to patients.

Long-term culture can alter the quality of ASCs, including their proliferative capacity, differentiation potential, and trophic activity \[[@B29]-[@B31]\]. In the study of Rubio et al. \[[@B32],[@B33]\], spontaneous transformation of ASCs was found to occur with prolonged culture and seemed to involve a mesenchymal-epithelial transition. However, all the data concerning the transformation were later found to be related to contamination by an epithelial cancer cell line during the experimental procedures \[[@B34],[@B35]\]. Therefore, researchers must verify that the passaged ASCs are genetically stable, and must also obtain consistent data on the morphological, immunophenotypic, and differentiation characteristics.

Culture medium is commonly supplemented with serum. Serum supplementation is practical because it provides the cells with vital nutrients, attachment factors, and growth factors \[[@B36]\]. Fetal bovine serum (FBS), for instance, is known to be rich in growth factors and stimulates protein accretion in cell cultures \[[@B36]\]. It is widely known that 10% FBS supplies an ideal environment for culture and differentiation of stem cells. There are a number of clinical trials exploring the use of mesenchymal stem cells for treatment of various diseases, most of which use FBS as the culture medium \[[@B37],[@B38]\]. However, use of xenogeneic serum can cause several problems. Viral or bacterial infections and prion transmission can arise \[[@B39]\]. Other possible problems are immunologic reactions. Kievits et al. \[[@B40]\] noted that rodents had strongly immunogenic reactions by β2-microglobulin from bovine culture medium. Several cases in clinical trials have been also reported. After inoculating malignant melanoma patients with human peptide-pulsed dendritic cells cultured in medium supplemented with 10% fetal calf serum (FCS), the presence of IgG and IgM antibodies to 10% FCS and bovine serum albumin was observed, and an IgE autoantibody against bovine serum albumin was found from the patients with anaphylactic reactions \[[@B41]\]. Selvaggi et al. \[[@B42]\] reported that lymphocytes from HIV-1-uninfected identical twin siblings cultured in medium supplemented with 5% FCS, anti-CD3 antibody, and interleukin-2 (100 IU/mL) for 10 days were infused into patients, and one-half of the patients developed arthus-like reactions, and antibodies to a single component of FCS were detected by double immunodiffusion \[[@B42]\]. These observations suggested that the therapeutic use of human lymphocytes cultured in FCS might expose the recipient to immunogenic substances with possible clinical sequelae. Third, the use of xenogeneic material in the manufacturing of human medical products can cause ethical concerns. Autologous serum (AS) is perhaps the obvious option for clinical applications, since it eliminates the problem of introducing xenogeneic or allogeneic antibodies into the patient. However, conflicting results have been reported on the superiority of AS compared to FBS in terms of proliferation rate and differentiation potential. Utilizing bone marrow-derived mesenchymal stem cells (BM-MSCs), some authors had reported higher proliferation rates using AS \[[@B43],[@B44]\], while others showed that AS yields similar results to FBS \[[@B45]\]. Additionally, so far, no reports to quantitatively verify the effect of AS on cell proliferation and differentiation of ASCs have been published. An unpublished study compared the effects of four different concentrations of AS (1%, 2%, 5%, and 10%) on expansion and adipogenic differentiation of ASCs using 10% FBS as a control. Ten percent AS was at least as effective as 10% FBS with respect to the number of ASCs at the end of both isolation and expansion, whereas 1% and 2% AS were inferior ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). Nonetheless, utilizing AS for large-scale stem cell production for clinical applications is impeded due to the limited quantity of AS available.

Collagenase, dispase, and hyaluronidase are some of the enzymes used to disrupt harvested adipose tissue. In their crude form, these reagents often contain contaminating amounts of endotoxin, other peptidases, and xenoproteins \[[@B46]\]. The most commonly used enzyme among these is collagenase, which was obtained from *Clostridium histiolyticum*. It is marked \'for research use only\', or \'for R&D use only\', and is not licensed as a medicine. In the process of cell isolation, several washes are performed to eliminate collagenase, but there still remains a possibility that there is a remnant of collagenase. A maximum allowable concentration of collagenase in the human body has not been established. Although this research has not yet been published, the authors verified the safety of the ASC preparation. The residual volume of collagenase was investigated according to the frequency of washing following digestion of adipose tissue with 0.1% type IA collagenase (Sigma-Aldrich, St. Louis, MO, USA) for 30 minutes. The collagenase activity was observed with N-(3-\[2-Furyl\]acryloyl)-Leu-Gly-Pro-Ala (FALGPA) assay and Ninhydrin assay. In all measured results, no residual enzyme activity was observed after 2 washes ([Tables 2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}). *In vivo* toxicity caused by residual collagenase after washing was investigated. BALB/c nude mice were subcutaneously injected with ASCs, which were cultured from adipose tissues, and were washed one and three times after collagenase treatment. No toxicological effect on the liver or heart was observed after 4 weeks ([Table 4](#T4){ref-type="table"}). Furthermore, the BALB/c nude mice were subcutaneously injected with 2×10^6^ cultured ASCs, and no tumors was detected for 4 months regardless of the frequency of washing.

Reports have shown that the immunosuppressive capacity of ASCs may in some cases favor the growth of tumor cells but contradictory results exist. Muehlberg et al. \[[@B3]\] reported that mouse ASCs in a murine model home to the tumor site and promote tumor growth *in vivo*, not only when co-injected locally, but also when injected intravenously. Yu et al. \[[@B4]\] showed that human ASCs together with tumor cells transplanted subcutaneously or intracranially into BALB/c nude mice promoted tumor growth. Recent reports have documented the ability of ASCs to promote the proliferation of active breast cancer cells *in vitro* and *in vivo* via paracrine mechanisms \[[@B5]-[@B8]\]. A comparable study has indicated that ASCs promote the growth of prostate cancer cell lines transplanted into immunodeficient mice \[[@B9]\]. Conversely, Kucerova et al. \[[@B47]\] showed that cytosine deaminase-expressing ASCs deliver the cytosine deaminase transgene to the site of tumor formation and mediate a strong antitumor effect *in vivo*. Cousin et al. \[[@B48]\] reported that ASCs strongly inhibit proliferation of pancreatic ductal adenocarcinoma cells, both *in vitro* and *in vivo* by interfering with the proliferation of tumor cells by altering cell cycle progression. These divergent reports may in part be explained by variations in the protocols used *in vivo* and *in vitro*. However, although an experimental model is never completely consistent with the complex mechanisms in nature, these contradictory results indicate that the work is far from done, and further studies and consensual protocols are necessary to fully elucidate the true effect of ASCs on tumor formation.

REGULATIONS
===========

New regulations by the Food and Drug Administration (FDA) and EU classify procedures according to the degree of manipulation involved and the risk of adverse processing-related events \[[@B49]-[@B53]\]. Minimal manipulation, such as cryopreservation of autologous peripheral blood progenitor cells (PBPC), may be performed using good tissue practices (GTPs), a level of control similar to that already practiced by most clinical laboratories. With regards to more-than-minimal manipulation, an elevated degree of process control and laboratory complexity is required, which is known as good manufacturing processes. More-than-minimal manipulation includes transduction, *ex vivo* expansion, activation, combination with non-tissue components, use for other than the tissue\'s normal function, and transplantation of unrelated allogeneic cells and tissues \[[@B49]\]. In the United States all ASC isolation and subsequent biological activity and the related devices and laboratories that engage in proliferating or differentiating ASCs before introduction into the subject for a specific medical condition require oversight and FDA validation and premarket approval because of possible safety concerns. Currently, there are no FDA approved ASC isolation devices, ASC procedures for use in medical conditions, or ASC clinics in the United States.

In Korea, whether or not culture and proliferation are included in the process is important. According to KFDA officials, when culture and proliferation are undertaken, there is a possibility of modification of the nature of the stem cell line. If culture-expanded stem cells are used, approval of the KFDA is needed. However, in a clinical procedure with PRP or SVF, if no fees are charged, with the consent of the patient, it is possible to use these therapies without approval of the KFDA. Moreover, for cosmetic purposes the procedure can be performed without limitation under the responsibility of the hospital and the prices can be negotiated. Nevertheless, instruments used for PRP or SVF processing need approval of the KFDA. The world\'s first stem cell therapy is in Korea, known as Hearticellgram-AMI, consisting of an injection of somatic stem cells cultured from the bone marrow into the coronary arteries of patients who have suffered from acute myocardial infarction. In the fields of plastic surgery, the clinical procedure with adipocytes differentiated from ASCs for the treatment of depressed scars was approved by the KFDA \[[@B54]\].

CONCLUSIONS
===========

To date, the reports about PRP are anecdotal and few include controls to determine the specific role of PRP. Most are only limited case studies or series. The majority of peer-reviewed publications on human trials using ASCs are phase I safety trials and case reports. The beginning of the scientific study about PRP and ASCs in plastic surgery has come late, but there are many opportunities for moving forward because we can easily obtain adipose tissue and apply these therapies to clinically low-risk cases such as cosmetic surgery and reconstruction of tissue. Therefore, we can overcome this obstacle.
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![ASCs expansion using different culture medium\
Expansion potential of adipose-derived stem cells (ASCs) cultured in 1%, 2%, 5%, and 10% autologous serum and 10% fetal bovine serum at passage 2. There were significant differences among groups by Kruskal-Wallis test (P\<0.001). There was also a significant difference between each of the 2 groups (^a)^P\<0.05). No significant differences were observed between 1% autologous serum and 2% autologous serum, and 5% autologous serum and 10% fetal bovine serum. 10% autologous serum showed the most prominent expansion characteristics. *T-bars* represent standard deviation from the mean. AS, autologous serum; FBS, fetal bovine serum.](aps-39-585-g001){#F1}

![ASCs differentiation using different culture medium\
Adipogenic differentiation of adipose-derived stem cells (ASCs) cultured in 1%, 2%, 5%, and 10% autologous serum and 10% fetal bovine serum at passage 4. There were significant differences among groups by Kruskal-Wallis test (P\<0.001). There was a significant difference between each of the 2 groups (^a)^P\<0.05). No significant differences were observed between 1% autologous serum and 2% autologous serum, and 2% autologous serum and 5% autologous serum. The differentiation capacity depended on the serum concentration between autologous serum groups. Ten percent fetal bovine serum had a significantly higher differentiation capacity than 10% autologous serum when compared with 10% fetal bovine serum with 10% autologous serum (P=0.0004). AS, autologous serum; FBS, fetal bovine serum.](aps-39-585-g002){#F2}
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FALGPA assay for collagenase activities at different number of washing or different inhibitors
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Values are presented as means.

FALGPA, N-(3-\[2-Furyl\]acryloyl)-Leu-Gly-Pro-Ala; FBS, fetal bovine serum; AS, autologous serum.
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Ninhydrin assay for collagenase activities at different number of washing or different inhibitors
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Values are presented as means.

FBS, fetal bovine serum; AS, autologous serum.
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Microscopic observations of NOD/SCID mice subcutaneously treated with hASCs in 4-week toxicity study
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NOD/SCID, nonobese diabetic/severe combined immunodeficient; hASCs, human adipose-derived stem cells; W1, one time of washing; W3, three times of washing; ASCs, adipose-derived stem cells.
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